-Glucan is biologically active polysaccharide, ubiquitously found in many grains, bacteria, and fungi and much yeast. The aim of this study was to determine the effect of substituting wheat flour by 1, 2, and 4% yeast isolated -glucan in cookies on the sensory acceptance, antioxidants, oxidative stability, and quality evaluation which were investigated. According to the results, cookies supplemented at 2% yeast -glucan were proved satisfactory on sensory quality perspective. During the storage study it was found that cookies made with 2 and 4% -glucan have effectively ( > 0.05) kept the peroxide value (PV) within acceptable range, demonstrating the promising role of -glucan in deterring oxidative. It is further noted that 2 or 4% -glucan incorporated cookies assimilated highest absorption spectra, suggesting the retardation in freshness losses, with having minimum microbial loads, showing microbiological safety. -Glucan fortification in foods is technologically and economically feasible, suggesting that a significant prospect of -glucan as low-cost food ingredient in formulating cookies at 2% offers exciting new use of -glucan of yeast origin.
Introduction
Dietary fibers are polysaccharides of immense interest in nutrition. There is enough scientific evidence that demonstrated health benefits of dietary fibers. They can regulate physiological functions of the body and this aspect is validated in human, animals, and in vitro investigation. They can be useful in preventing and treating chronic diseases like diabetes, obesity, glycemic and cholesterol control, irritable bowel syndrome, and colon cancer [1, 2] . Other health benefits associated with dietary fiber include, for example, weight management [2] and antioxidant [3] . Higher mortality and morbidity are reported in different population, partly, due to inadequate consumption of dietary fiber [4] . Epidemiological findings have suggested higher intake of dietary fiber to deter chronic diseases such as type 2 diabetes, various types of cancer, and cardiovascular diseases, to name a few [5] . A recent meta-analysis of observational findings has established inverse relation between dietary fiber intake and metabolic syndrome [6] , suggesting positive effects of dietary fibers in prevention of chronic diseases.
One way to enhance dietary fiber intake is that it is necessary to fortify human foods with dietary fibers. Currently, dietary fibers are incorporated in flour products, including cookies, bread, noodles, milk, and meat derived foods [7] . Oat and barley (as a source of dietary fiber) are extensively studied in bakery products, cookies [3] . Frost et al. [8] reported barley flour (as a source of soluble -glucan dietary fiber) in chocolate chip cookies. Similarly, Chappalwar et al. [9] reported cookies prepared from fortified oats and millet flour. These different studies on oat or barley fortified cookies reported better nutritional quality and physical attributes. However, studies on yeast -glucan fortified cookies and their sensory evaluation are limited in the published data and so cookies with added yeast -glucan are a new research in this regard.
Yeast -glucan is more concentrated dietary fibers [10] with remarkable bioactivity and physicofunctional properties [11, 12] and its substitution in cookies is comparatively easy and technologically feasible. Moreover, yeast contains enough -glucan (as dietary fiber) and -glucan present in yeast is structurally different compared to -glucan present in
Materials and Methods

Cookies Preparation.
This study involves the preparation of cookies. All of the materials used for experimentation were purchased from a local market in Lahore, Pakistan. Based on some preliminary trials, wheat flour was fortified withglucan at 1.0, 2.0, and 4.0% levels along the control that does not have -glucan. The following blends were made: control that contained 100% wheat flour; 1%, 2%, and 4% treatments that contained 99 g, 98 g, and 96 g wheat flour and 1 g, 2 g, and 4 g of -glucan, respectively.
The cookies were prepared according to the procedure [13] . -Glucan was added according to the quantity of wheat flour. Cookies were prepared according to the following composition: sugar = 100 g, flour = 200 g, and shortening (vegetable ghee) = 100 g, additionally, one egg was added, baking powder = 3.0 g, and added water as per requirement (10-25 mL). This was followed by mixing the ingredients (Model N-50, Hobart Corp., Troy, Ohio, USA). Further, shortening was processed so that cream was formed after the sugar mixing; then eggs were added. The process was considered complete when foaming was formed. To this foam/mixture add flour and baking powder followed by mixing to a homogeneous appearance. After this stage, water was added and the batter made, with having optimum consistency. Through the help of a cookie cutter batter was cut and the cookies were kept on baking trays. Uniform distance was maintained between cookies followed by baking the cookies at 425 ∘ F in the baking oven, 12-15 min. After this time, it was ensured that cookies got at room temperature. Then cookies were packed in polythene bags for further assessments.
Proximate Composition.
Proximate chemical compositions such as dry matter (DM), crude protein (CP), ether extract (EE), and ash content were determined by following their respective procedures [14] .
Sensory Evaluation.
Sensory evaluations of the cookies were carried out according to the procedure of Meilgaard et al. [15] . Experts in sensory evaluation were requested through e-mails, fliers, and personal contacts and consent forms were signed. Further, judges were trained in the sensory evaluation of cookies, and then the judges were requested to complete an additional questionnaire form. For the sensory analyses cookies were prepared 24 hrs prior to evaluation. Trays with having white background were used for presenting samples for the analyses. Moreover, panelists were given performa having written instruction of sensory attributes, at room temperature, Department of Food Science and Human Nutrition, University of Veterinary and Animal Sciences, Lahore, Pakistan. Finally, samples presented for analyses were accessible in random order and judges were told to rate their preference by marking a cross on the 15 cm-unconstructed line for all the sensory indices. Data obtained from sensory evaluation scored by the panelist was then changed to numeric values through metric scale. The information regarding metric scale and performa is given in our previous paper [16] .
Antioxidants Evaluation.
The following steps were taken: exactly 10 g of sample (grounded into flour) was added to 100 mL distilled water followed by shaking for an hour. This was followed by the filtration using Whatman paper. The residue left on filter paper was mixed with another 100 mL ethanol (96%) and was shaken for the specified time, followed by filtration. This procedure was repeated again and threetime filtrate obtained was mixed and vacuum-dried. The solution was prepared by mixing the dried extract (10 mg) in 1.0 mL of distilled water and then 0.1 mL of this solution was used for the following experiment.
Total Phenolic Content (TPC)
Estimation. Exactly 0.1 mL of the solution (as shown above) was mixed with distilled water and followed by mixing with 0.5 mL of FolinCiocalteau's reagent (10% v/v) and sodium carbonate solution (0.4 mL, 7.5% w/v). The reaction mixture was kept continued for almost 90 min. This was followed by reading the absorbance at 750 nm [17] .
Estimation of Ferric Reducing Antioxidant Power (FRAP).
The estimation of FRAP was carried out according to the procedures described in an earlier study [18] . Almost 1.0 mL sample was taken in a test tube. Then add the phosphate buffer having pH 6 so that the final volume in the test tube was adjusted to 3.5 mL. Later, the volume in the test tube was further increased to 6 mL by the addition of potassium ferricyanide. The test tubes were kept in a water bath at 50 ∘ C for 30 min. After the incubation time, volume in the test tube was further increased to 8.5 mL by adding TCA and then centrifugation. About 2.5 mL of supernatant was taken from the centrifuge tube and transferred to an empty test tube and then charged with 0.5 mL ferric chloride. The chromophore formed was read at 593 nm. The standard used in this experiment was Trolox and the data was reported as mg Trolox equivalent/g of sample.
2.7. Iron Binding Capacity. The assay was performed according to the procedure [19] with some alteration. Briefly in a test tube 1.0 mL of sample was taken. After this FeCl 2 (50 L) was added to the same test tube and then 100 L ferrozine was added. The test tubes were kept standing for 10 min at room temperature. This was followed by reading their absorbance at 562 nm using a spectrophotometer. The standard EDTA was similarly treated.
Oxidative Stability Study (Peroxide Value).
The storage stability was determined in terms of peroxide value (PV). This Journal of Chemistry 3 value was measured according to the procedure [20] during 0 days, 15 days, and 30 days.
Microbiological Quality of -Glucan Incorporated Cookies.
Control wheat flour and -glucan fortified cookies were made into powder. From each type of sample, a representative 1.0 g power was taken into a test tube. This was followed by making 10 mL final volume in the test tube using sterile distilled water and centrifugation. The bottom sample about 4-5 mL was subject to serial dilution (10-fold) and was subsequently streaked on their respective media for the analysis of total viable count and fungal load according to the procedure given [21] .
In Vitro Glucose Release Study.
Wheat flour andglucan added flour were evaluated for their in vitro glycemic response due to the fact that glycemic response of the food is linked with obesity and type 2 diabetes [22] . The procedure is adopted as indicated by [23] .
Physical Analysis of the Cookies.
Parameters like thickness, width, and spread factor were determined according to methods [13] . For measuring the diameter, six cookies were placed horizontally (edge to edge). Duplicate reading was obtained by rotating the cookies at 90 ∘ angles and this process was repeated for one more time in order to get triplicate data. Regarding the thickness, six cookies were placed on one another. The data obtained from this experiment are divided by 6, resulting in cookie thickness for a single cookie. The following formula was used for calculating spread factor (SF):
where is diameter; is thickness; correction factor (CF), factor at constant atmospheric pressure, is 1.0 in this case.
Absorption Spectroscopy.
Spectral data were obtained using an absorption spectrometer. Samples were scanned between 400 and 700 nm and the results were expressed as (1/ ), according to the procedures [24] .
Functional Properties.
Parameters, for example, water, oil absorption capacities [25] , and swelling power, were determined accordingly.
Statistical Analyses.
Data of the experiments was analyzed using analysis of variance technique. Costat-2003 software was used for analysis of the data, applying completely randomized design [26] , and, where applicable, 2-factor ANOVA was used to analyze the data. Means were separated for statistical comparison with the Duncan Multiple Range Test [27] . The level of significance was defined as ≤ 0.05. Table 1 shows the results of the proximate composition of control and flour fortified with -glucan. Protein, crude fiber, ash, and fat concentration were found to be significantly affected ( ≤ 0.05) by the addition of -glucan. The DM of the flours is presented in Table 1 . Flour blend having 4% -glucan retained highest crude proteins and crude fat as shown in Table 1 ; however, crude fiber level remained the same in 2 and 4% -glucan fortified flour. The earlier findings reported more protein concentration (11%) in the wheat flour [28] than the presently investigated value of protein. This difference might be due to the type of wheat flour, processing method (drying), and other conditions. Girma et al. [29] reported that drying method (cassava) has impact on chemical composition.
Results and Discussion
Proximate Composition.
Sensory Analyses of Cookies.
The sensory tests are predictive of quality of food, as sensory screening helps attracting consumers [30] , increase profitability, and build consumer confidence. In this study, -glucan addition has profoundly affected ( = 0.00) color, flavor, taste, and overall quality of the cookies (Table 2) . Color attribute was rated high in case of control cookies versus -glucan incorporated cookies. The deterioration of color may be attributed to absorption of moisture from surrounding and due to Maillard reaction since -glucan fortified cookies have higher amounts of protein which could have reacted with sugar present in the cookies and thus resulted in color variation. Similar finding is reported previously [31] .
The flavor and taste ratings ( ≤ 0.05) were negatively affected at 4% -glucan incorporation but not at the lower rate of -glucan addition. Similarly, overall quality ratings were preferred more in control, 1 and 2% -glucan substituted cookies versus those fortified with 4% -glucan cookies. The flavor scores (Table 2) were plotted versus overall quality scores and their results indicated ( 2 = 0.752) intermediate correlation, suggesting that somehow the flavor has affected the overall quality [32] .
As indicated in Table 2 , -glucan substitutions at 4% in cookies were not liked by the sensory panelist (due to off-taste and flavor). Kerckhoffs et al. [33] reported that color and taste score are changed in response to the fiber source. -Glucan at higher level of fortification resulted in off-taste and thus at 4% supplementation into the cookies was not liked by the sensory panelist. Siwela et al. [34] reported that poor taste can negatively influence acceptability of wheat finger millet based cookies. It is therefore important to improve these two sensory parameters in the future studies. Market analysis indicated that barley ( -glucan) was substituted in barley rusks [35, 36] at 40% barley flour into bread. Those authors reported the satisfactory response from the consumers. This suggests that yeast -glucan would be an additional opportunity for the food industry to fortify foods that would have far more medical benefits and functional properties. Overall quality of 2% -glucan incorporated cookies suggesting the potential of 2% -glucan made cookies for human consumption. The market values of oat and barley -glucan based foods are already tested in various formulations [37, 38] with commercial success. Therefore, there is great potential for the commercialization of yeast -glucan fortified products having better functional attributes. 
Effect of -Glucan Addition on Antioxidants.
Results regarding the antioxidants capabilities of different cookies and flour are presented in Table 3 . According the results, total phenolic contents (TPC) and iron binding capacity (IBC) of cookies were affected ( = 0.0082, = 0.0009) in response to -glucan addition while ferric reducing antioxidant power, FRAP, was not affected ( = 0.5918). To understand the effect of baking, control flour and cookies were evaluated for their antioxidants along other treatment groups. Interestingly, control flour has significantly lowest TPC values compared to control cookies and cookies made with -glucan, indicating the positive effect of baking over antioxidant levels. Similar finding has also been documented earlier [34] in case of finger millet cookies where the authors stated that thermal treatment produced structural changes/intermediate structures responsible for enhanced bioactivities. The effects of 1, 2, and 4% -glucan on TPC or IBC in cookies were similar among and compared to control cookies (Table 3) . Further, cookies have demonstrated similar trends in IBC as well. In general, 2 and 4% -glucan incorporation increased the efficacy of the -glucan substituted cookies. This might be due to the structural stability of wheat flour components after the addition of dietary fiber ( -glucan). Earlier findings suggested the effect of fibrous fibers on structural modification of wheat flour proteins [39] . Also, high baking temperature produced caramelization intermediates which are associated with antioxidant activities [40] .
Effect of -Glucan on Storage
Stability. Analysis of variance (2 factors) was used to evaluate the effect of storage time and -glucan levels on the peroxide value (Figure 1 ), PV. Storage time and -glucan level have affected ( < 0.0001) PV of cookies. The interaction study ( -glucan levels and storage time) showed strong association ( ≤ 0.0003). Cookies made with 2% and 4% -glucan were proved effective in keeping the PV values within the acceptable range ( ≤ 0.05) versus the control cookies that increased after 15 days and 30 days. These findings are in collaboration with Haghshenas et al. [41] who reported that control and carboxymethyl cellulose treated shrimp nugget had more lipid oxidation than shrimp nugget treated with -glucan. Cookies incorporated with 1% -glucan showed no change in PV till 15 days ( > 0.05) but then exhibited significantly ( < 0.001) higher PV after 30 days. In general, the effect of 2% or 4% -glucan addition is significant, as they exhibited protective ability against oxidative deterioration. This might be due the protective action of -glucan on wheat flour antioxidants. Shakerardekani et al. [42] reported that antioxidants are important for reduction in autoxidation and destability of food products. The results are presented in the form of mean ± SD of replicates: = 3; the mean ± SD is followed by 10 1 cfu/g; means with different letter in a column present significant ( ≤ 0.05) effect, according to 1-factor ANOVA, and the differences between the means were evaluated by DMR test. The level of significance was = 0.05. 
Microbiological Quality of -Glucan Incorporated Cookies.
Physical and chemical deterioration are continually happening and a challenging task in food industry. Bakery products are vulnerable to such natural process. Microbial spoilage, in addition to other, is the most occurring process that seriously affects safety of the food product. These adverse effects limit the shelf life of the bakery products. There is often the threat of bacteria, yeast, and molds in bakery products [43] . The results regarding the microbial quality of cookies are given ( Table 4) . The results showed no statistical difference ( ≥ 0.05) between different treatments for the total viable count (TV) and fungus (yeast/molds). The total viable count is intended to describe the total number of living microorganisms in a product intended for the human consumption. Mossel and Van Netten [44] reported that there should be no more than 10 3 cfu/g microbial cells in food products (at 35 ∘ C) that do not require further cooking.
In Vitro Glycemic Index Study. Wheat flour (100%)
and -glucan added flour were evaluated for their in vitro glycemic response (Figure 2 ). Since the glycemic response of food could relate the food to chronic diseases, that is, obesity and type 2 diabetes, estimating the glycemic response of food is important to understand. Food samples were digested using HCL and enzymes and their effect on sugar released were determined over time. According to the results, wheat flour released significantly higher ( ≤ 0.05) sugar versusglucan added flour. Furthermore, the effect of 2 and 4% -glucan added flour was better than wheat flour added with 1% -glucan. Jeng et al. [45] evaluated the inhibitory effect of sweet potato leaf extract on glucose release from native starch. The author(s) reported that due to the presences of bioactive components in sweet potato leaves it was possible to slow down glucose release during in vitro digestion. These results are highly encouraging as -glucan added flour mix has retarded the digestion of sugar and therefore their utilization in foods could help in glucose control or diabetes management.
Physical Analyses of Cookies.
The molecular size of -glucan varied across different sources. Oat, barley, and bacteria represent low molecular size -glucan versus yeast -glucan, which is comparatively large. This variation in molecular size results in different physiological and rheological characteristics. The physical analysis revealed that the diameter and thickness increased with the incorporation of -glucan. Cookies fortified with 2% -glucan exhibited high diameter (Table 5 ) and thickness compared with others (Table 5) but there was no change in the relative spread factor of the control cookies ( = 0.105) versus other -glucan fortified cookies. These findings are in collaboration with the previous study [46] who reported that cookies diameter and thickness increase with the addition of oat-flour (as source of -glucan) while spread factor remains statistically similar. Moreover, the yeast -glucan possesses huge hydrophobic groups (FTIR data) and was difficult to dissolve in water. These findings suggest that -glucan incorporated cookies should not show big variation in the spread factor, unless the prior processing of -glucan in an oxidizing medium, which affect the viscosity.
Near-Infrared Spectroscopy: Spectra Measurements.
Absorption spectroscopy is largely used to determine the quality attributes of food. Also, it gives broad picture regarding the physical and chemical nature of foods; for example, Kamboj et al. [47] quantified components of the chickpea flour by using Near-Infrared Spectrometer. The technique involves the differences between the spectral lines/ fingerprints of fresh and aged food samples. Abu-Ghoush Different letters in a column present significant ( ≤ 0.05) effect, according to 1-factor ANOVA, and the differences between the means were evaluated by DMR test. The level of significance were = 0.05. Wavenumber (nm) Figure 3 : Spectral absorption of cookies after 2 days of storage. WF = wheat flour; 1% = -glucan added at 1% level to wheat flour cookies; 2% = -glucan added at 2% level to wheat flour cookies; 4% = -glucan added at 4% level to wheat flour cookies. et al. [24] have used the absorption spectroscopy for measuring freshness loss in the bread samples. According to the results, absorbance spectra for the control cookies (wheat flour) and 1% -glucan fortified cookies were lower than the absorbance for the cookies made with 2 or 4% -glucan, suggesting that the -glucan incorporation in the cookies at 2 or 4% reduces freshness losses versus control cookies or cookies made with 1% -glucan (Figure 3) . Present findings are supported by Havrlentová et al. [48] who analyzed bread and ketchup (having -D-glucan hydrogels) prepared with wheat, oat, barley, and rye. They reported bread freshness during the storage which was possible due to the addition of -D-glucan barley and rye.
Functional Properties.
Control flour and flour with added -glucan was analyzed for their functional properties (Table 6) . Results indicated that significant differences existed in the case of water holding (WHC) and swelling capacity of the control and -glucan fortified flour ( < 0.0001, < 0.0059), respectively. Regarding WHC, 2% and 4% -glucan added flour showed an increase in WHC and swelling power (Table 6 ) compared with others. Since 4% -glucan added flour has the highest protein concentration, this can be the reason for holding higher amount of water. This implies that the flour blend with high-protein will likely absorb more water and oil versus other flour blends [49] . Furthermore, at high temperature (during heating) the molecule moves apart, creating a space between molecules and thus, due to this effect the 4% -glucan added flour makes the -glucan molecules assimilate water and swell up. The phenomena are also reported elsewhere [50] . Moreover, Chandra et al. [51] reported that flour with better water or oil holding capacity plays important role in innovative foods including bakery products and sausage, to name few. Another reason for higher water and oil holding capacity of the fortified flour can be attributed to structural changes that may happen in response to -glucan addition, for example, -glucan interaction with proteins of the wheat flour. As stated by Chandra et al. [51] flour with high water holding capacity actually has better hydrophilic constituents (protein and polysaccharide have hydrophilic and hydrophobic properties). Due to hydrophilic nature of composite flour there are better chances of interact between hydrophilic constituents and water.
Conclusions
The results of the present investigations have validated the prospective usage of yeast -glucan in bakery items. Our results showed that 2% of -glucan could be added to wheat flour without producing a noteworthy adverse impact on the sensory acceptability of the cookies. Substituting -glucan at this level might be of consumer's interest because of the improved values of antioxidants and sensorial attributes.
-Glucan incorporated cookies, assimilated highest absorption spectra, suggesting the retardation in freshness losses. -Glucan containing flour versus control wheat 7 flour has significant variation in glucose release; at higher -glucan concentration the rate of glucose release was lowest, thus establishing the fact that -glucan could be the future nutraceutical supplement for diabetes control. Cookies had minimum microbial loads and with enhanced oxidative stability, suggesting microbiological quality and longer shelf life. The -glucan fortification in foods is technologically and economically feasible and our investigation established a significant prospect of -glucan, as low-cost food ingredient, in formulating cookies at 2%, offers exciting new use of -glucan of yeast origin.
Additional Points
Novelty Statement. Yeast -glucan is a complex dietary fiber with strong immune enhancing, cholesterol lowering, and glucose control ability but this -glucan is rarely fortified in bakery products such as cookies. Our results show that yeast -glucan fortified cookies exhibit superior sensory qualities and antioxidants capabilities. Moreover, -glucan fortified cookies kept the peroxide and glucose level within acceptable range, suggesting the futuristic role of -glucan fortified products in deterring oxidative and diabetic damage. This suggests that -glucan can be used as low-cost food ingredient in bakery products formulation.
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